We study the stationary nonequilibrium regime which settles in when two single-spin paramagnets each in contact with its own thermal bath are coupled. The response versus correlation plot exhibits some features of aging systems, in particular the existence, in some regimes, of effective temperatures. q 1999 Elsevier Science B.V. All rights reserved.
A notion of effective temperature for non-equilibrium systems, first proposed by Hohenberg and wx Shraiman 1 in the context of turbulent flow, and wx later developed, among others, in Ref. 2 , is associated to the following Gedankenexperiment. A small Ž. system called the thermometer is coupled both to a heat reservoir at a temperature Q and to the system S S whose effective temperature T must be detereff mined. As a consequence, heat flows either from or to the reservoir at temperature Q. The effective temperature T is defined as the temperature at eff which this heat flow vanishes. In aging systems, as well as in glassy systems kept out of equilibrium by 1 Corresponding author. E-mail: exartier@ccr.jussieu.fr 2 INFM, Unita di Napoli, Italy. gentle stirring, it is expected that T depends on the eff characteristic time scale of the thermomenter, and is related to the violation of the fluctuation-dissipation theorem. In order to investigate this phenomenology, one has to develop a better grasp of the situation in which a thermodynamical system is in contact with heat reservoirs at two different temperatures.
Two-temperature systems naturally appear when considering systems with annealed degrees of freedom, like magnetic systems with evolving interwx actions 3 or diffusing particules on an evolving wx network 4 , where spins or particules have a temperature different from the one of the bonds. We report here the results for what is possibly the simplest two-temperature system: two coupled single-spin paramagnets in contact with different thermal baths. When the temperatures of the baths are equal, the system reaches a trivial equilibrium state. When the temperatures are different, the system reaches a stationary nonequilibrium regime where energy flows through the system from the high-to the low-temperature thermal bath. We analyze this nonequilibrium state by means of the susceptibility versus correlawx tion plot 5 . At equilibrium, this plot is a straight line of slope y1rT, as a consequence of the fluctuation-dissipation theorem. In our case, the plot for the high-temperature paramagnet differs very slightly from the equilibrium one, but its effective temperawx ture 2 is smaller than the one of its bath, in contrast with the more common situation. On the other hand, the low-temperature paramagnet can fall deeply out of equilibrium, and, depending on the parameters of the system, it can violate the fluctuation-dissipation theorem in a variety of ways, and are reminiscent, in some limit, of the corresponding plot wx in coarsening systems 6 . The ways in which the relation of the cross-response to the cross-correlation deviate from the equilibrium one are also interesting.
We consider two classical single-spin paramagnets coupled via a bilinear spin-spin interaction. The Hamiltonian of the system is given by where the 'spin' variables S can take any real value. The dynamics of the coupled paramagnets is described by a set of linear Langevin equations: . to below to T s1,30,100,300,1000, respectively. Ž.
We can directly read off this equation the slope of the response versus correlation plot: XC Ex Ž. Ž.
This corresponds to a straight line, i.e., to a well-de-Ž. wx fined effective temperature T s T rXC 2 . This Ž. ized by the instantaneous value C 0 . The lines correspond 11 Ž. from above to below to T s1,100,300,1000,2000, respectively. It is interesting to remark that in this situation the response dies off long before the correlation, like in coarsening. from 1 to infinity, showing that the difference from equilibrium behavior can be very strong in the system coupled to the colder bath.
On the other hand, when T rT goes from 1 to 0, 21 the departure from equilibrium is proportional to a 2 and positiÕe, i.e., the plot lies slightly above than the FDT line. Thus the high-temperature paramagnet exhibits an effective temperature slightly smaller Ž. than the one of the bath. See Figs. 1 and 2 .
The expressions for the cross-correlation and response are: 
